Introduction
Heavy metal cations, such as Hg 2+ , Cu 2+ , and Fe 3+ , naturally exist and have been widely used in many industrial elds. They are toxic at high concentrations and are responsible for many incidents of industrial and agricultural pollution. [1] [2] [3] Compared to the time-consuming and expensive instrumental techniques reported for heavy metal-ion detection, a chemosensor is a faster, cheaper, more powerful, and highly sensitive molecular tool for the detection of many biological and environmental heavy metal pollutants. [4] [5] [6] Among all chemosensors, uorescent chemosensors have attracted signicant attention due to their simple operation, high sensitivity, and real-time detection. Fe 3+ plays a key role in many biochemical processes at the cellular level and is indispensable for most of the organisms. 7 It provides oxygen-carrying capacity to heme and acts as a cofactor in many enzymatic reactions involved in the mitochondrial respiratory chain. However, high levels of Fe 3+ within the body can be associated with increased incidence of certain cancers and dysfunction of organs such as heart, pancreas, and liver.
8-11
Therefore, new simple and efficient chemosensors for Fe 3+ detection are highly desired. 12 Several uorescent sensors have been developed for Fe 3+ detection. However, most of them detect Fe 3+ based on uorescence quenching by the paramagnetic property of Fe 3+ . 13 For example, in an early study, Wolf et al. selectively detected Fe 3+ in aqueous solutions with a 1,8-diacridylnaphthalene-derived uorosensor based on uores-cence quenching. Therefore, the development of highly selective turn-on response chemosensors for Fe 3+ is of signicance and challenging.
14 Photochromic materials can be potentially applied to optical memories, photoswitches, logic circuits, and chemosensors. 15, 16 Diarylethenes, one of the most promising photoresponsive compounds, have attracted signicant research interests due to their excellent thermal stability, notable fatigue resistance, high sensitivity, and rapid response.
17,18
In particular, they can function as a uorescence sensor based on their reversible uorescence response to UV/vis lights irradiation. Recently, many diarylethene-based sensors have been reported. Zheng et al. prepared a dual-control molecular switch based on photochromic hexahydrogen cyclopentene bearing two rhodamine units and demonstrated it as an integrated logic circuit at the molecular level. Pu et al. exploited diarylethene-based uorescence sensors to detect Fe 3+ , Hg 2+ , and Cu 2+ . 19, 20 Their study has contributed towards the comprehensive understanding of the sensors based on diarylethenebearing functional groups.
The rhodamine 6G-based uorescent chemosensor is an excellent uorophore for metal ion detection and has attracted extensive interest in recent years by virtue of its excellent photophysical properties such as long excitation and emission wavelength, high uorescence quantum efficiency, and excellent detection sensitivity. 21, 22 The off-on uorescence switching of the chemosensor is based on the transformation between the spirocyclic and open ring forms of rhodamine 6G. The chemosensor is in the spirocyclic form in the absence of metal ions and exhibits no color or uorescent emission. NMR spectra were obtained using a Bruker AV400 (400 MHz) spectrometer with CDCl 3 and DMSO-d 6 as the solvents and tetramethylsilane (TMS) as the internal standard. Fluorescence quantum yield was measured using an Absolute PL Quantum Yield Spectrometer QY C11347-11. UV/vis spectra were obtained using an Agilent 8453 UV/vis spectrophotometer. The uores-cence spectra were obtained via a Hitachi F-4600 uorescence spectrophotometer. Infrared spectra (IR) were obtained using a Bruker Vertex-70 FT-IR spectrometer.
Synthesis of 1O
Scheme 2 shows the synthesis route of the target compound, [1- (4) , and 8 were synthesized as described in the literature. [23] [24] [25] [26] [27] Compound 3 was coupled with 4 to afford compound 5, which was hydrolyzed to produce compound 6. Compound 8 reacted with 6 in anhydrous ethanol via Schiff base condensation to afford the target compound 1O. The detailed procedure is described as follows.
A solution of n-BuLi/hexane (2.5 mol L
À1
, 4.90 mL) was added dropwise to 60 mL of compound 3 (3.24 g, 10.00 mmol) solution in anhydrous THF at 195 K under stirring and an argon atmosphere and stirred for 30 min. Compound 4 (3.67 g, 10.00 mmol) was slowly added to the reaction mixture at 195 K, further stirred for 3 h at the same temperature, and quenched with water. The product was extracted with dichloromethane, dried over Na 2 SO 4 , ltered, and evaporated. The crude product was puried by column chromatography using the petroleum ether-ethyl acetate (v/v ¼ 10 : 1) as the eluent to afford the compound 5 (2.60 g, 4.40 mmol), which was reuxed in acetone-water (v/v ¼ 4 : 1) for 2 h, extracted with dichloromethane, dried over Na 2 SO 4 , ltered, evaporated, and puried by column chromatography to afford compound 6 as a blue solid with a yield of 84%. Mp: 363-365 K. 
Results and discussion

Photochromism of 1O
The photochromic properties of 1O were determined in aceto-
) at room temperature. The open ring isomer 1O exhibited an absorption peak at 353 nm (Fig. 1A) due to the p*-p transition. 28 A new absorption band centered at 602 nm appeared, and the solution of 1O turned from colorless to blue under the irradiation at 297 nm, indicating that the closedring form 1C was formed. The blue solution of 1C could be bleached to colorless under the visible light irradiation at l > 500 nm, and its absorption peak shied back to 353 nm. An isosbestic point appeared at 370 nm, indicating that a twocomponent photochromic reaction occured. [29] [30] [31] The cyclization and cycloreversion quantum yields of 1O were determined to be 0.232 and 0.003, respectively, with 1,2-bis(2-methyl-5-phenyl-3-thienyl)peruorocyclopentene as a ref. 32 The fatigue resistance of 1O revealed that 1O degraded only 8.3% aer 10 colorationdiscoloration cycles in response to the alternate irradiations of UV/vis lights at room temperature (Fig. 1B) .
Spectral response of 1O to Fe
3+
It has been reported that rhodamine 6G derivatives are subject to signicant changes in absorption or uorescence spectra upon coordination with metal ions and thus can be used as a sensitive probe for metal ion detection. 33 In the present study, the uorescence of (Fig. 2C) .
The chemosensing properties of 1O towards Fe 3+ were further investigated via absorption and uorescence titration. As shown in Fig. 3 , the solution of 1O changed from colorless to pink (Fig. 3A) , and a new absorption band centered at 530 nm appeared with the increase of Fe 3+ equiv. from 0 to 10.0 due to the formation of 1O 0 (Fig. 3B) . Further increase in the Fe 3+ amount caused no signicant change in the absorption of 1O. Moreover, the uorescent emission of 1O at 585 under excitation at 515 nm increased with the increase of Fe 3+ equiv and peaked at 10.0 equiv. (Fig. 3C) . The absolute uorescence quantum yield was determined to be 0.43. The uorescence intensity changes with the addition of Fe 3+ were also visibly observed with the naked eye, with the solution turning from dark to a bright green-yellow under excitation at 515 nm (Fig. 3D) . The uorescence was reverted by addition of an excess of EDTA (10.0 equiv.), indicating that the coordination of 1O with Fe 3+ could be restored. Note that 1O 0 also exhibited excellent uorescent switching properties under alternate irradiations with UV/vis lights in aqueous acetonitrile (v/v ¼ 1 : 1) (Fig. 3E) . In the photostationary state, the uorescence emission intensity was quenched 82% due to the formation of 1C 0 with the uorescence changing from bright green-yellow to dark yellow. These results indicate that the diarylethene derivative 1O is a promising candidate for uorescence-switching devices due to uorescence switching behavior induced by both Fe 3+ /EDTA and UV/vis light. Job's plot analysis was conducted on the uorescence titration data, as previously reported, to calculate the binding ratio between 1O and Fe 3+ . 34, 35 As shown in Fig. 4A reported for Fe 3+ detection in recent years, 38-44 as listed in Table 1 . These sensors showed some good physical properties such as lower LOD, association constant, high sensitivity and so on. For the 1O-Fe 3+ complex, a moderate performance in all aspects was observed, suggesting that diarylethene 1O could serve as a uorescence sensor for Fe 3+ .
Acidichromism
It is particularly well-known that the open ring form of the rhodamine moiety in the presence of a proton emits strong uorescence in the range of 540-700 nm. 45, 46 As shown in Fig. 6A  and Fig. S5 , † the uorescence intensity of 1O (C ¼ 2.0 Â 10 À5 mol L À1 ) in acetonitrile at 595 nm under excitation at 515 nm was signicantly enhanced by TFA due to the formation of an open ring uorescent rhodamine moiety. The uores-cence intensity reached a maximum in the presence of 30 equiv.
TFA and the absolute uorescent quantum yield of the protonated 1O (1O 00 ) was determined to be 0.55. The addition of TEA to the 1O 00 solution re-generated the spirolactam form of rhodamine. The uorescent emission at 583 nm disappeared, and the bright green-yellow uorescence of the solution diminished (Fig. 6A ). Further addition of TFA produced the protonated 1O 00 . As shown in Fig. 6B , the spirolactam form of 1O was non-absorbing, whereas the open ring form exhibited a visible absorption band centered at 529 nm and the solution changed from colorless to pink, which could be easily observed with the naked eye. The absorption reached a maximum with 30.0 equiv. TFA and further increasing TFA equiv. caused no signicant change in the absorption (Fig. S6 †) . The reversible modulation of uorescent emission via alternating additions of TFA and TEA for 10 cycles resulted in no signicant decrease in the emission intensity of 1O (Fig. 6D ). As discussed above, the color of 1O 00 solution could be changed via alternating irradiating with UV/vis lights. Based on this feature, it can be anticipated that the diarylethene derivatives bearing chemo-responsive function groups offer a promising approach to the design of optical molecular switches.
47,48
1O 00 in acetonitrile underwent a photocyclization reaction under irradiation at 297 nm, exhibiting a strong emission peak at 582 nm that signicantly decreased with the isomerization from 1O 00 to 1C 00 under visible light irradiation (Fig. 6C) . The uo-rescence intensity of 1O 00 decreased 85%, accompanied by the uorescence change from bright green-yellow to dark at the photostationary state, which was a typical behaviour of the FRET mechanism. FRET usually occurs between the open ring rhodamine acylhydrazine (the donor) and the closed-ring diarylethene (the acceptor), resulting in intrinsic photoluminescence properties. The uorescence color and emission spectrum of 1O 00 can be restored via irradiation with visible light of l > 500 nm. Fig. 6E shows the switching behavior of 1O induced by the stimulations of proton and UV/vis lights. These results indicate that 1O can be potentially used as a dual-control molecular switch by TFA/TEA and UV/vis light.
Application in a logic circuit
As discussed above, the emission intensity of diarylethene 1O was successfully modulated by either UV/vis light or Fe 3+ /EDTA stimuli in an aqueous acetonitrile solution (Fig. 7A ). Based on this observation, a logic circuit was constructed by four inputs including 297 nm UV light, visible light (l > 500 nm), Fe 3+ , and EDTA. The uorescent emission intensity at 585 nm was set as the output. The output with the emission intensity at 585 nm higher than ca. 2500 was considered as the on state with a Boolean value of 1 and the emission intensity lower than ca. 2500 was regarded as the off state with a Boolean value of 0. As shown in Fig. 7B , the state can be either on (on ¼ 1) or off (off ¼ 0) with different Boolean values. For example, In 1 can be switched to the 'on' state with the Boolean value of 1 in response to irradiation at 297 nm and In 2 can be switched on by the irradiation of appropriate visible light (l > 500 nm). In 3 was 1 with the addition of Fe 3+ and In 4 was 1 with the addition of EDTA. The output was on with the Boolean value of 1 under the stimuli of all four inputs. The uorescent emission intensity at 585 nm below ca. 2500 was set as the initial state where the logic circuit was off. The input strings In 3 ¼ 1, In1 ¼ 0, In 2 ¼ 0, and In 4 ¼ 0 gave an output signal of 1 (on). Table 2 shows all possibilities of the logic strings of the four inputs.
Conclusions
In summary, a new diarylethene derivative bearing a rhodamine 6G unit was designed and synthesized. It exhibited highly selective and sensitive turn-on uorescence and a color change response visible with the naked eye towards Fe 3+ in aqueous acetonitrile. The Job's plot of experimental data reveals that a 1 : 1 stoichiometry is the most favorable binding mode between 1O and Fe
3+
. In addition, the uorescent emission of the complex can be turned on/off by UV/vis lights irradiation. Based on these results, an integrated digital circuit was constructed with the uorescent emission intensity at 585 nm as the output.
